There is then a predictable decline over successional time as the tree layer regains 57 dominance and shades out the understory forage. Natural succession limits the post-58 disturbance period when the forage resource is capable of sustaining grazing cattle 59 (Bos taurus L.) to a range of 10 to 15 years in most temperate and boreal coniferous 60 forests (Wikeem et al. 1993) . 61
Stand thinning reduces shade and delays canopy closure, and hence may 62 increase forage yields and prolong the silvopasture potential relative to unthinned 63 stands (Moore and Deiter 1992; Peitz et al. 2001 ). In addition, the quality and quantity of 64 forage produced within forest rangeland may be enhanced by fertilization (Wikeem et al. than some retrospective studies) long-term decadal changes in stand structure and 74 understory vegetation in intensively managed forests. Thus, to date, there is a very 75 narrow window of time to make extended extrapolations about the development and 76 longevity of changes in forage production for cattle from various forest stand treatments. 77
In addition, the range of pre-commercial thinning (PCT) levels in young forests is quite 78 narrow with a major focus on wood production from an economic perspective. paper reports specifically on forage production for cattle in these experimental stands 97 and how this relates to silvopasture management. 98
99

Study areas and methods
100
Experimental designs and study areas 101
Data from two separate long-term studies with 25-and 20-year datasets were used 102 to test our study hypothesis: (1) PCT (1988 PCT ( -2013 and (2) PCT with fertilization (PCT-103 FERT) . The PCT study was located at each of three regional replicate 104 areas in south-central BC, Canada: Penticton Creek, Kamloops, and Prince George. In 105 1988, stands were PCT to target densities of 500 (low), 1000 (medium), and 2000 106 stems/ha (high), and unthinned stands had densities >3000 stems/ha (unthinned). 107
Treatments were assigned to stands in a randomized complete block design. the PCT-FERT study, stand density had no effect on abundance of understory herbs 213 and shrubs (Lindgren and Sullivan 2013b), and so comparisons were focused on 214 fertilized and unfertilized stands. Pooling data across the 4 thinning treatments was a 215 reasonable approach as no significant density X fertilization interactions were observed 216 for any of the 13 sample years (2-way ANOVA; F 3,16 ; P > 0.10). Again, response 217 variables were measured at 5-, 10, 15-, and 20-year intervals after the start of PCT-218 FERT treatments. Based on a one-way ANOVA, no pre-treatment differences were 219 observed for response variables in the respective comparisons in this investigation. 220
Homogeneity of variances was assessed with Levene's test of equality of error 221 variances. Mauchly's W test statistic was used to test for sphericity (independence of 222 data among repeated measures) (Littel 1989; Kuehl 1994) . For data found to be 223 correlated among years, the Huynh-Feldt correction was used to adjust the degrees of 224 freedom of the within-subjects F-ratio (Huynh and Feldt 1976 (Saville 1990 ). In all 227 analyses, the level of significance was at least P = 0.05 (Zar 1999). 228
229
Results
230
Herb and shrub biomass 231
The dominant graminoid was pinegrass (Calamagrostis rubescens (Buckl.) and 232 dominant forbs were fireweed (Epilobium angustifolium L.), arctic lupine (Lupinus 233 arcticus S. Wats.), wild strawberry (Fragaria virginiana Duchesne), rosy pussytoes 234 (Antennaria microphylla Rydb.), and white-flowered hawkweed (Hieracium albiflorum 235 Hook.). Mean biomass production (kg/ha) of graminoids, forbs, and total herbs was not 236 affected by stand density over the 20 post-thinning years of our investigation (Table 3 ; 237 shrubs and total understory vegetation also followed this pattern (Fig. 2a-b) . Mean 240 biomass of shrubs ranged from 107 to 163 kg/ha, and that of total understory vegetation 241 from 437 to 608 kg/ha over the 20-year period. All response variables showed a 242 significant decline with time after an initial increase, but there were no significant 243 treatment x time interactions (Table 3) . 244
Mean biomass was significantly (P ≤ 0.03) higher in fertilized than unfertilized 245 stands over the 20-year post-treatment period for graminoids, forbs, total herbs, and 246 total understory vegetation (Table 3 ; Fig. 3a-c, 4b ). These differences in mean biomass 247 of vegetative components ranged from 2.1 to 4.4 times higher in fertilized than 248 unfertilized stands during the fertilization period. The significant time factor showed the 249 D r a f t 12 increase in biomass after the start of fertilization and its decline by 15-and 20-years 250 post-treatment. Not surprisingly, there was a significant treatment x time interaction for 251 the three herbaceous response variables, with a lack of significant fertilizer effect during 252 the early years followed by significantly enhanced biomass during the fertilization 253 period, and a loss of fertilizer effect by 15 years post-treatment (Fig. 3a-c, 5a+b) . Mean 254 biomass of shrubs was not affected by fertilization, nor was there a significant time or 255 treatment x time interaction (Table 3 (Fig. 5a ). Mean (n = 2) biomass of forbs among all nine treatment 262 stands also followed this pattern (Fig. 5b) . The silvopastoral goal of providing forage opportunities for cattle in managed forests 315 seemed to be met in heavily thinned fertilized stands. In terms of actual utility of forage 316 opportunities, relative habitat use by cattle was 2.1 times higher in fertilized than 317 unfertilized stands, and heavily (500 stems/ha) thinned stands had 4.5 and 2.8 times 318 
